I. INTRODUCTION
Bulk Ni-Fe alloys have intriguing physical properties which involve spinodal ordering in the composition range of permalloys and magnetovolume and martensitic instabilities in the Invar alloys.
1, 2 Renewed interest in Ni-Fe and magnetic Ni-Fe heterostructures is in particular related to recent first-principles calculations showing the extreme softening of the lattice arising from an interaction between magnetic and compositional order/disorder in the alloys, [3] [4] [5] an idea that goes back to early work on the influence of concentration fluctuations on magnetism in binary alloys. 6 In particular, different types of antiferromagnetic 4, 5 and noncollinear 3 spin arrangements in the fcc structure lead to additional lattice softening causing the resulting bulk modulus to approach experimental values. Part of the noncollinearity might be related to the long-range oscillatory behavior of the interatomic exchange integral of elemental fcc Fe ͑see Ref. 7 and references therein͒ itself which might continue to exist in the predominantly ferromagnetic Ni-Fe alloys. Ni-Fe thin films continue to show the Invar effect. However, the extreme soft magnetic bulk Ni-Fe type seems to disappear as the asprepared films show high saturation magnetization close to the Slater-Pauling curve. 8 On the other hand, Ni-Fe alloy layers within Ni-Fe/Cu superlattices with Ni concentrations lower than the Invar composition show a large thermal expansion and a low magnetic moment which has been associated with superparamagnetic behavior in these alloy layers. 9 In this short paper we present results of first-principles calculations of bulk Ni-Fe alloys, their free surfaces, and related Ni-Fe/Co/Cu/Co/Ni-Fe spin valves focusing on the change of layer-projected spin and orbital magnetic moments as well as on the change in anisotropy energies with composition over the entire concentration range.
Such combinations of hard and soft magnetic layers are of current interest since they reveal interesting phenomena like exchange-spring magnets ͑Sm-Co/Fe͒. 10 Hard/soft magnetic heterostructures allow us to control domain-wall structures and domain-wall magnetoresistance in ferromagnetic films. In addition, the phenomenon of exchange biasing appears in many antiferromagnetic/ferromagnetic bilayer systems. The magnetic anisotropy in these materials is mostly due to the crystal-field interaction of the aspherical 4 f shells while the transition metals are used to achieve larger magnetic moments and higher transition temperatures. However, these rare-earth/transition-metal heterostructures still suffer from much lower magnetization values than Co or Fe. Therefore it might be of interest to investigate hard/soft magnetic heterostructures involving transition metals and no rare earths.
II. COMPUTATIONAL DETAILS
The fully relativistic spin-polarized screened KorringaKohn-Rostoker method 11 within the framework of the coherent-potential approximation for layered systems 12 is used to calculate the magnetic properties of bcc and fcc bulk Ni c Fe 1Ϫc alloys, their free surfaces, and related spin valves. In order to determine self-consistently within the localdensity approximation ͑LDA͒ ͑Ref. 13͒ the effective potentials and effective exchange fields for each particular system under consideration a minimum of 45 k ʈ points in the irreducible wedge of the surface Brillouin zone ͑ISBZ͒ was used, whereas the band energy part of the magnetic anisotropy energy ⌬E b is based on a much denser k ʈ grid, namely on a minimum of 990 k ʈ points per ISBZ. As has been demonstrated several times 11, 15 this ensures an accuracy of the calculated ⌬E b of less than 5% within the theoretical and computational scheme applied.
By using the magnetic force theorem 14 the magnetic anisotropy energy ͑MAE͒ consists of two parts, 11 namely the difference in the band energy ⌬E b and the magnetic dipoledipole energy ⌬E dd ,
between two uniform orientations of the magnetization, n and nЈ,
The band energy part can be split up 15 into layerwise contributions ⌬E b n ,
which in turn in the case of ͑binary͒ alloyed layers result from the concentration-weighted averaged band energy differences of the individual constituents,
In general, in Eq. ͑4͒ the c ␣ n refer to layer specific concentrations of atomic species ␣ϭA,B and N in Eq. ͑3͒ comprises the number of layers of interest. In the present paper the two uniform orientations are chosen as indicated below bulk: nϭ͑100͒ nЈϭ͑110͒, free surfaces: nϭ͑110͒ nЈϭ͑001͒, ͑5͒
implying the following classification of preferred orientations:
It should be noted that for a cubic bulk system with only a fourth-order magnetic anisotropy the easy axis is either ͑100͒ or ͑111͒, whereas for related semi-infinite systems with uniaxial symmetry the rather weak in-plane anisotropy is not taken into account. The layer-resolved concentrationweighted averaged magnetic moments are defined by
an expression that applies for the spin magnetic moments as well as for the orbital magnetic moments. These layerresolved averaged ͑total͒ magnetic moments are also used in turn to calculate the classical magnetic dipole-dipole interaction energy 16 in the case of alloyed layers such as free surfaces of perm-alloy and related spin-valve systems. Note that by neglecting short-range order the magnetic dipole-dipole interaction does not contribute to the MAE of cubic bulk alloys.
III. RESULTS AND DISCUSSION

A. Magnetic moments
In Fig 
17 the phase transition between bcc-and fcc-like phases occurs at about 35% Ni. In order to show on the Fe-rich side the drastic increase of both the spin and the orbital moment with increasing Ni concentration in the case of the Fe constituent also the corresponding values for pure bcc bulk Fe are included. As can be seen the Ni-like as well as the Felike moments exhibit completely different behavior in the bcc-and fcc-like phases, the jump in the Fe orbital moment at the phase boundary being almost spectacular. In terms of the concentration-weighted averaged moments the phase transition appears to cause less dramatic effects: a different slope for the averaged spin moment and a kind of peak for the orbital moment when going from the bcc to the fcc phase.
As is to be expected in free surfaces of Ni c Fe 1Ϫc the most significant differences with respect to the bulk occur in the surface region. In Fig. 2͑a͒ the layer-resolved Ni-like and Fe-like spin moments are followed from the surface ͑right͒ to the very interior of two selected systems, characteristic for the whole series of alloys. As can be seen, bulklike features set in about six to seven layers below the surface, the moments in the surface layer being substantially increased as compared to the respective bulk system. For the fcc phase the concentration dependence of the spin and orbital magnetic moments in the first five layers, shown in Fig. 2͑b͒ , resembles the corresponding trends in the bulk ͑see also Fig.  1͒ . Again the prominent role of the surface layer is obvious.
It should be noted that because of the oscillations clearly to be seen in Fig. 2͑a͒ , the curves in Fig. 2͑b͒ , read from top to bottom, do not correspond to a sequential viewing of layers from the surface to the interior of these semi-infinite systems.
Typical Ni c Fe 1Ϫc related spin valves consist of a rather thick layer of permalloy ͑Py͒ followed by four to six layers of Co separated from another four to six Co layers by five to seven layers of Cu. The whole system is then coated with a rather thin layer of permalloy. In here such a system is modeled by 18 The top of Fig. 3 shows the layer-resolved spin magnetic moments in this spin-valve system for two different concentrations of Ni. In particular the case of cϭ0.85 is relevant for practical purposes as from this part of Fig. 3 the technological phrase of ''using permalloy as a soft magnetic material'' can directly be read off. For both concentrations the changes in the layer-resolved magnetic moments at the Py/Co interfaces and at the surface are immediately evident. The left bottom entry of Fig. 3 shows the Co moment in comparison to the concentration-weighted averaged moment of that Py layer forming the left interface as a function of the Ni concentration. As is to be expected by varying the Ni concentration one actually can tune the averaged moment to the size of the Co moment: at about 50% Ni the Py layers look magnetically like Co layers. Quite interesting is the variation of the Co moments in the right Co slab, since the moment in the Co layer forming the right Co/Py interface is least affected by changing the Ni concentration while the variations of the moment in the Co layer interfacing with the Cu spacer are biggest. It also should be noted that the layerwise distribution of moments in the left and right Co slab is not symmetric, reflecting thus the different magnetic behavior of the thin Py slab ͑on the right͒ forming the surface near region as compared to its thick counterpart ͑on the left͒ matching up to the substrate. Quite clearly at or very close to the surface the corresponding Py slab shows the same features as free surfaces of Py, namely a substantial increase of the componentresolved as well as of the averaged spin moments.
B. Magnetic anisotropy energy
In Fig. 4 the magnetic anisotropy energy for the bulk systems, free surfaces of Ni c Fe 1Ϫc , and in Py-related spin valves is displayed. Although their shapes and orders of magnitude are completely different, at the phase boundary between bcc and fcc significant changes in the magnetic anisotropy energy occur for free surfaces as well as in the bulk. As will be discussed in detail in the context of Fig. 6 , in the spin-valve systems the structural differences seem to be of little importance: for cϭ0.25 virtually the same ⌬E b applies for a bcc and a fcc parent lattice. 19 Furthermore, in the spin valves the preferred orientation is always in-plane as can be seen immediately from the negative band energy contribution. The negative magnetic dipole-dipole energy contribution ͑not taken into account in this particular case͒, see also Eq. ͑1͒, only enhances this tendency.
Inspecting now the curves for the bulk systems and the free surfaces most prominently the difference in scale has to be noted: the bulk anisotropy energy is by a factor 10 3 smaller than the corresponding free surface case. In the bulk systems around 70% Ni the anisotropy energy nearly vanishes. For all Ni concentrations lower than 0.85, the Fe-like contribution seems to be the driving force for selecting the ͑100͒ direction as easy axis. This implies that the same easy axis pertains for bcc-and fcc-like Ni c Fe 1Ϫc bulk systems.
Around 60% Ni the free surfaces show a reorientation transition from perpendicular to in plane, for higher concentrations of Ni the preferred orientation of the magnetization is in plane. It is remarkable that independent of the structure, below 60% Ni a perpendicular orientation is more favorable. As can be seen the reorientation transition for free surfaces of Ni c Fe 1Ϫc is mainly caused by the Ni contribution. As the bulk easy axis lies in plane, the perpendicular surface anisotropy in the case of ͑001͒ surfaces can give rise to a particularly interesting phenomenon, namely, noncollinear magnetic configurations can occur: the orientation of the magnetization rotates from in plane to perpendicular when going from bulklike layers to the surface. 20 Although the study of such configurations is out of the scope of the present paper, it is important to note that they indeed can influence the magnetotransport in such systems.
In Fig. 5 the layer-resolved contributions to the band energy part of the anisotropy energy are shown in terms of concentration-weighted componentlike contributions. As can be seen from this figure the first five to six layers forming the surface region are different from those in the interior of the systems, whereby the surface layer gives the biggest contribution. From this figure it is also evident that it is essentially the large negative Ni contribution in the surface layer that drives the reorientation transition, since the Fe contributions are positive, i.e., favor a perpendicular orientation of the magnetization. From the two lower parts of Fig. 5 follows that the oscillations into the interior of these systems are considerably stronger in the case of a bcc parent lattice than for a fcc parent lattice.
In Fig. 6 finally the layer-͑and component-͒ resolved band energy contributions to the magnetic anisotropy energy are displayed for permalloy related spin valves. For these kinds of systems two different major effects have to be considered, namely the contributions from the so-called ''active part'' of the spin valve, the Co 4 Cu 5 Co 4 unit, and from the surface region. In all cases the sum over the Co-like contributions is negative, while in the surface region a similar behavior as discussed above for free surfaces applies. As already mentioned in the spin-valve systems the preferred orientation is always in-plane. For Ni-rich permalloy spin valves this is caused by the Ni-like contribution in the surface region and by the Co-layer overnext to the corresponding Py/Co interface. Just like in the case of free surfaces as the Fe concentration increases also the positive Fe contribution from the surface layer increases, which, however, is outweighted by the contributions from the Co slabs such that the preferred orientation of the magnetization remains in plane. Because of a very delicate balance between surface Fe and Co-slab contributions in the very special case of Ni 0.25 Fe 0.75 the bcc related spin valve has virtually the same ⌬E b as in a ͑fictitious͒ fcc spin valve.
Surface ͑interface͒ roughness and intermixing effects presumably play an important role in spin-valve systems. Studies in terms of the coherent-potential approximation revealed that interdiffusion at the interfaces of magnetic and nonmagnetic materials usually wipes out magnetic anisotropy effects. 22 In the spin valves studied in here relevant intermixing can be expected predominantly at the Co/Cu interfaces, which, as can be seen from Fig. 6 , contribute only very little to the MAE. Therefore we do not expect significant changes in the MAE due to intermixing effects at the Co/Cu interfaces. On the contrary, intermixing at these interfaces is of crucial importance for magnetotransport as was demonstrated in a case study by Blaas et al.
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IV. CONCLUSION
It was the aim of this paper to show that even wellknown, well-used materials like permalloy have undiscovered and surprising properties. In particular, when choosing these materials for new kinds of devices by making use of their surface properties or by forming interfaces with other metals like in spin valves, it seems to be almost fatal to simply take into account only some of their bulk properties. Clearly enough systems like Ni c Fe 1Ϫc ''suffered'' from their applications as reliable bulk permanent magnets. However, considering that this particular system shows a surface driven reorientation transition, whose temperature dependence near the critical concentration might be of quite some technological importance, and considering that in ͑commer-cial͒ GMR devices based on permalloy the electronic structure and the magnetic properties are completely different from those in the bulk, it appears to be necessary to review this class of materials from a different point of view, namely in terms of surface and interface magnetism. It will be shown in a forthcoming paper 21 that the results obtained here put into a proper theory of electrical transport not only describe the bulklike ͑normal͒ resistivities for Ni c Fe 1Ϫc extremely well, but also the current-in-plane ͑CIP͒ GMR ratio in related spin valves. The fact that the averaged moment in this system can be tuned by the Ni concentration might very well trigger other applications based on surface or interface magnetic properties, or, oppositely expressed, create the demand to investigate also surface related magnetic properties of different permalloy systems. 
